Background and Purpose: The management of asymptomatic carotid stenosis found before vascular or coronary surgery is unclear from the literature. We aimed to define the relation of carotid stenosis to perioperative stroke in all patients, symptomatic and asymptomatic, and so determine a policy for the management of asymptomatic carotid stenosis in patients requiring major surgery.
jected some to carotid endarterectomy without clear explanation.2 Some studies are retrospective,2 and others studied patients with carotid bruit4-7 despite its poor correlation with the severity of carotid stenosis as shown by noninvasive carotid imaging.8 '0 Rarely is the pathogenesis or severity of stroke discussed.1-5 To determine the relation of perioperative stroke to carotid stenosis, we conducted a prospective clinical and Duplex ultrasound study of all patients, both symptomatic for cerebral ischemia and asymptomatic, undergoing elective peripheral vascular reconstructive or coronary artery bypass graft (CABG) surgery. There was a moratorium on prophylactic carotid endarterectomy of asymptomatic carotid stenosis for the duration of the study.
Subjects and Methods
Of 452 consecutive patients admitted in a 16-month period for elective peripheral vascular reconstruction, abdominal aortic aneurysm repair, or, during a concurrent 9-month period, CABG surgery, 106 patients were excluded. Four with peripheral vascular disease (PVD) declined to participate, and 102 patients undergoing CABG surgery were excluded: 75 urgent cases requiring glyceryl-trinitrate infusion and cardiac monitoring were excluded for logistical reasons; 18 combined CABG and valve surgery cases were excluded because of the difficulty in determining the mechanism of stroke in valve surgery; the 6 patients of one surgeon were excluded at the outset because he was concerned about the moratorium on prophylactic carotid endarterectomy (which none had); and 3 patients declined to participate. Among these exclusions there was one perioperative stroke: a man without carotid stenosis (examined with Duplex ultrasound after the event) had a minor stroke after combined CABG and valve surgery. There were no other exclusions, so that all eligible patients were included in the study. These (2) in patients with vertebrobasilar ischemia, or (3) in asymptomatic patients. The overall number of asymptomatic cases of 50% or greater carotid stenosis or occlusion was therefore the sum of these three groups. The 12 patients undergoing two operations (1 symptomatic, 11 asymptomatic) were at risk of stroke during both procedures and were therefore counted twice. Figures and statistics in "Results" therefore refer to the number of operations (358) and not the number of patients (346). All patients undergoing CABG surgery were fully anticoagulated with heparin while on bypass, and this was reversed with protamine at the conclusion of surgery. All patients with PVD were given 5000 U of intravenous heparin at the time of mobilization of the artery, and this was reversed with protamine at the conclusion of surgery. No patients were given warfarin or dipyridamole.
The 95% confidence intervals (CI) for the observed stroke rates were read from the appropriate table and calculated by the formula provided in the CIBA-GEIGY scientific tables.12 Fisher's Exact Test was used to assess the significance of the difference in stroke rates in the symptomatic and asymptomatic patients. All probability values are two-tailed. Chart of symptomatic and asymptomatic carotid stenosis cases. *Symptomatic refers to patients with carotid territory ischemia (see "Subjects and Methods') and does not include the 11 patients with vertebrobasilar ischemia (VBI). tPatients were graded according to the more severe stenosis: two with occlusion had contralateral stenosis; six had bilateral stenosis. Only one patient with VBI had a carotid occlusion. All other stenoses in the asymptomatic group were completely asymptomatic. §Column totals 322 because two patients had stenosis on one side and an uninterpretable Duplex ultrasound on the other. Both sides are recorded at the appropriate levels in the column.
Results
Three hundred forty-six patients, of whom 270 were men and 76 women, with an average age of 63 years, underwent 358 operations. There were 133 consecutive patients who had 145 PVD procedures (femoropopliteal, iliofemoral, axillobifemoral bypass, and aortodistal reconstruction or aortic aneurysm resections) and 213 consecutive CABG cases.
Adding to the 45 with asymptomatic carotid stenosis or occlusion (Figure) the 8 cases from the symptomatic group with asymptomatic carotid stenosis (see "Subjects and Methods" for explanation) resulted in 53 patients with 50% or greater asymptomatic carotid stenosis or occlusion. None of these 53 had an ipsilateral perioperative stroke (95% CI, 0% to 6.72% stroke risk). Twenty-eight of the 53 had stenosis of 80% or greater or occlusion, and the 95% CI for the stroke risk of zero in this subgroup is 0% to 12.34%.
Two patients had cerebral ischemic symptoms in the 6 months before operation: a man in atrial fibrillation had an occipital infarct, and a woman with carotid stenosis had transient ischemic attacks (patient 3, Table; also see below). Three patients had remote (more than 6 months prior) symptoms of cerebral ischemia and ipsilateral stenoses of 50% to 79% that had not been One hundred forty-six patients suffered systolic hypotension (blood pressure less than 95 mm Hg) during the perioperative period. Four of 7 patients with symptomatic 80% to 100% stenosis had hypotension, and 3 of these had perioperative strokes (two were distal to carotid occlusion). One of 3 patients with symptomatic 50% to 79% stenosis had hypotension. None had perioperative stroke. In the group of 53 patients with asymptomatic stenosis of 50% or greater or occlusion, 22 (11 with 50% to 79% and 11 with 80% to 100% stenosis) had systolic hypotension (blood pressure less than 95 mm Hg) without perioperative stroke. Hypotension occurred in 118 cases with stenosis less than 50% or no stenosis, and there were two strokes. Twelve patients suffered hypertension (defined as a systolic blood pressure greater than 180 mm Hg) in the perioperative period. None of these patients suffered a perioperative stroke.
Cardiac arrest occurred in three patients during the perioperative period. Two were fatal, and one was associated with a stroke in a previously symptomatic patient (patient 1, Table) . A further uncomplicated cardiac arrest occurred 11 days after surgery in a patient who subsequently suffered a stroke 8 days after the cardiac arrest (patient 7, Table) .
There were eight deaths within 30 days of surgery (2.2% mortality), four in the PVD group and four in the CABG group. One patient died of pneumonia after right hemisphere cerebral infarction (patient 6, Table) , and one patient died of pulmonary embolism 14 days after abdominal aneurysm resection. Five deaths resulted from cardiac events and occurred within days of surgery. One woman died suddenly in a nursing home 28 days after femoropopliteal bypass.
Discussion
The most striking feature of these results is that none of 53 patients with asymptomatic carotid stenosis of 50% or greater or occlusion suffered an ipsilateral perioperative stroke (95% Cl, 0% to 6 (Table) . The combination of previous ischemic neurological symptoms and severe ipsilateral carotid disease accounted for all three perioperative strokes in the PVD group. (This is a small number, and two of the three cases involved angiographically confirmed carotid occlusions, so that a high perioperative stroke risk for symptomatic severe carotid stenosis cannot definitely be concluded from these results.) In a recent case-control study of the perioperative stroke risk in CABG, Reed et al '5 have shown that previous transient ischemic attack or stroke is a significant risk factor.
It is doubtful whether there is a subgroup of asymptomatic patients with extremely tight carotid stenosis (greater than 80%) who have a high risk of perioperative stroke. Only two studies2'3 support the contention, and telling criticisms can be made of each. With positron emission tomography, Powers et al16 have shown that the degree of carotid stenosis need have no bearing on the hemodynamic status of the distal cerebral hemisphere. Meningeal or ophthalmic collaterals were the only predictors of reduction in cerebral blood flow or cerebral perfusion pressure in their study. It could be argued that the number of patients in our study with 80% to 99% stenosis (n=16) is too few to draw valid conclusions and that this is a subgroup that requires further study. Our finding of no ipsilateral perioperative stroke in 53 patients with significant asymptomatic carotid disease indicates that if there is an increased risk it is small and not likely to be greater than the risk of endarterectomy. Since the completion of this study two recent trials, the Medical Research Council European Carotid Surgery Trial17 and the North American Symptomatic Carotid Endarterectomy Trial (NASCET),18 have demonstrated a benefit of endarterectomy for symptomatic stenosis of 70% or greater, although there may be a time after symptoms beyond which the benefit of endarterectomy is reduced.17"19 So far there is no randomized trial evidence in favor of endarterectomy of asymptomatic carotid stenosis.
Our study suggests that the presence of symptoms is a good indicator of the risk of perioperative stroke in patients with carotid disease and that a careful inquiry regarding transient cerebral ischemic symptoms should be made in all patients requiring major vascular surgery. Whatever the long-term risk of stroke related to asymptomatic carotid stenosis,20 the perioperative risk is low and does not justify prophylactic carotid endarterectomy when cardiac or major peripheral vascular surgery is planned.
